Greenhouses: Shigeki KODA, et al. Department of Public Health, Kochi Medical School-In order to estimate exposure to methyl bromide (CH 3 Br) during soil fumigation inside greenhouses and examine health effects in agricultural workers, an interview survey, environmental monitoring and occupational exposure to CH 3 Br were conducted. An interview survey of working conditions and subjective symptoms related to exposure to CH 3 Br during soil fumigation was conducted on 241 agricultural workers between 1996 and 1998, and 225 agricultural workers were analyzed. The environmental monitoring during soil fumigation and occupational exposure to CH 3 Br were conducted in cooperation with eight agricultural workers. Finally, the authors examined the exposure levels to CH 3 Br after improving soil fumigation techniques. Many agricultural workers used a large amount of CH 3 Br in soil fumigation within a short time period without personal protective equipment. The odds ratio for nausea was significantly increased by fumigation with mulch. The odds ratios for irritation of the eyes, feeling sick, cough and anxieties about health were significantly increased by wearing gas masks. The odds ratios for forgetfulness and ringing in the ears were significantly increased at ages over 50 yr. The concentrations of CH 3 Br in greenhouses were changed from 5,000 ppm to 1,100 ppm during soil fumigation, and occupational exposure was 57.2 ppm while opening the sheets of greenhouses and below ACGIH-TLV (1 ppm) in CH 3 Br ejection, piping and planting. The agricultural workers could avoid exposure to high concentrations of CH 3 Br by improving in soil fumigation techniques. Soil fumigation inside greenhouses has occupational safety and health issues related to the large amounts of CH 3 Br used within short fumigation periods, the lack of precautions for handling chemicals, improper use of protective equipment and lack of Field Study
Since methyl bromide (CH 3 Br) was listed by the Vienna Convention for the Protection of the Ozone Layer in 1985 as chemical agent which might change physical and chemical characteristics of the ozone layer, it has been recognized as a common chemical toxicant threatening occupational and environmental health. CH 3 Br has been founded to be one of the chemicals depleting the ozone layer by the Montreal Protocol on Substances that Deplete the Ozone Layer in 1987. As a result of discussions on decreasing schedule of CH 3 Br concluded among participating countries at the 9th Congress in 1997, the amount of CH 3 Br used in developed countries was planned to be decreased to under 75% by 1999 (compared with production of methyl bromide in 1991), 50% in 2001, 30% in 2003, and abolished altogether by 2005, except for use in quarantine, pre-shipment and other specifically designated areas.
CH 3 Br is widely used in soil fumigation in agriculture. Since agricultural workers use CH 3 Br before planting, most use it only a few times per year, so that the occupational safety and health issues related to soil fumigation [1] [2] [3] [4] [5] [6] should focus on acute or subacute exposure rather than chronic exposure to CH 3 Br. Serious and fatal poisoning caused by CH 3 Br in agricultural workers has recently been reported [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Since greenhouse agriculture is popular in Kochi district, more than 1,000 tons of CH 3 Br is used per year in soil fumigation. In Japan, soil fumigation is mainly divided into two methods, fumigation with mulch and fumigation inside of greenhouses. In fumigation with mulch, the agricultural workers spread mulch on the ground and put cans containing 500 g CH 3 Br between mulch and the ground in advance. They puncture these cans with clips and do soil fumigation, which takes longer than fumigation inside the greenhouse, and remove both mulch and cans several days later. Many agricultural workers adopt soil fumigation inside of greenhouses in Kochi, because exposure to CH 3 Br is reduced more by this method than by fumigating with mulch. Soil fumigation inside of greenhouses is performed as follows. Agricultural workers put cylinders on the ground inside the greenhouse, and eject CH 3 Br inside the entire greenhouse, after sealing it up. Each cylinder contains 15 kg of CH 3 Br in liquid form (weight ratio of 99% or more) with an added warning agent such as chloropicrine. Soil fumigation is completed by leaving the greenhouse sealed up for several days. After soil fumigation, agricultural workers open the greenhouse's entrance and exit sheets, then enter for to do piping and planting in the greenhouse starting the next day. In the present study, acute exposure to CH 3 Br and related symptoms after soil fumigation inside greenhouses were assessed, and the exposure levels after improvements in work practices were examined.
Subjects and Methods

Interview survey for soil fumigation
To examine the working conditions and subjective symptoms related to exposure to CH 3 Br in soil fumigation, an interview survey was conducted on 241 agricultural workers who were engaging in soil fumigation with CH 3 Br during September and October between 1996 and 1998. The items in the interview survey were demographic characteristics, soil fumigation methods, the total amount of CH 3 Br used, working conditions during soil fumigation, personal protective equipment and symptoms related to exposure to CH 3 Br during soil fumigation. Because many agricultural workers in Kochi plant during September, 225 agricultural workers, who were interviewed within one month after soil fumigation from the viewpoint of memory accuracy about working conditions and subjective symptoms, were analyzed. To estimate the effect of occupational factors on subjective symptoms during soil fumigation, logistic regression analysis was conducted, and the odds ratios and 95% confidence intervals were calculated. In analyzing logistic regression, subjective symptoms were used as dependent variables, and occupational factors were used as independent variables. The variables of occupational factors were converted into categorical variables (0, 1) as shown in 3 Br is calibrated, automatically adjusting for temperature, pressure in the atmosphere and humidity. Air-samplings were done with the 1303 monitor (sampling volume: 140 ml) and Teflon tubes (50 m), and CH 3 Br was monitored every hour. The sampling points were set at both a standing posture (1.5 m) and sitting posture (0.5 m) height in the greenhouse.
Occupational exposure to CH 3 Br during fumigation inside the greenhouses
To estimate exposure levels to CH 3 Br during fumigation inside greenhouses, personal air samplings in the breathing zone of eight agricultural workers were taken in 1997 with sampling pumps (Dupont's ALPHA-2 and Gilian's LFS-113, flow volume rate: 100-150 ml/ min) and charcoal tubes (SKC 400/200 mg). Air samplings were performed at four times: gas ejection, opening the greenhouse entrance and exit sheets to evaluate short-term exposure to CH 3 Br, piping and planting after opening for long time exposure. The charcoal tubes were extracted with carbon disulfide and analyzed with a gas chromatograph (Hewlett Packard, HP-5890 II) with a DB-1 capillary column (J&W, 0.53 mm × 30 m) and FID detection. The oven, injection port and detection port temperatures were 40°C, 150°C and 200°C, respectively. The carrier gas was helium (He) at a flow rate of 12 ml/min.
Environmental monitoring and occupational exposure after improving fumigation techniques
The greenhouse in which environmental monitoring during soil fumigation was conducted, had a remotecontrolled device which opens and closes the skylight. In addition, the process of opening the greenhouse sheets had changed to setting a remote-controlled device in advance to open the greenhouse sheets 12 hr later. The concentration of CH 3 Br when the greenhouse sheets were opened might decrease be lower than before these improvements were made. To estimate the level of exposure to CH 3 Br after these improvements in soil fumigation, environmental monitoring and personal exposure to CH 3 Br were conducted with similar parameters (the amount of CH 3 Br: 45 kg/10 a and the duration of fumigation: 72 hr) in 1998. The methods of environmental monitoring and personal exposure to CH 3 Br were similar to those used in 1997 and mentioned above.
Results
Interview survey for soil fumigation
The demographic characteristics and working conditions for fumigation are shown in Table 2 . The average age of respondents (n=225) was 48.9 yr old, and over 80% of respondents were male workers. The fumigation carrier was long and approximately 80% of respondents adopted soil fumigation inside the greenhouse. Many agricultural workers used a large amount of CH 3 Br during soil fumigation within a short time period without personal protective equipment.
The comparison of working conditions by the methods of fumigation is shown in Table 3 . Although the average amount of CH 3 Br was greater in fumigation inside greenhouses than in fumigation with mulch, no significant differences were observed between the two fumigation methods for the average amount of CH 3 Br per 10 a. The average working time and duration of fumigation were longer in fumigation with mulch than in fumigation inside the greenhouse. The rates of using gas masks and gloves were higher in fumigation with mulch than in fumigation inside the greenhouse.
The odds ratios and 95% confidence intervals in logistic regression analysis are shown in Table 4 . The odds ratio for nausea (OR:11.8) was significantly increased by fumigation with mulch (p<0.05). The odds ratios for irritated eyes (OR:3.5), feeling sick (OR:4.6), cough (OR:47.5) and anxiety about health (OR:4.5) were significantly increased by wearing gas masks (p<0.01-0.001). The odds ratios for forgetfulness (OR:2.9) and ringing in the ears (OR:13.2) were significantly increased in ages over 50 yr (p<0.05). The odds ratio for anxiety about health (OR:0.3) was decreased by wearing gloves (p<0.05).
Environmental monitoring during fumigation inside the greenhouse
The results of environmental monitoring of the concentrations of CH 3 Br in fumigation inside the greenhouse are shown in Fig. 1 . Although the concentrations of CH 3 Br exceeded 5,000 ppm at a height of 0.5 m within 2-3 hr after ejection, the concentration had decreased to 2,200 ppm after several hours, which was similar to the concentration of CH 3 Br at a height of 1.5 m at that time. The concentrations of CH 3 Br at the height of 0.5 m and 1.5 m decreased gradually to 1,100-1,200 ppm until the opening of the greenhouse sheets. After opening the greenhouse sheets, the concentration of CH 3 Br dropped suddenly to 20-30 ppm.
Occupational exposure to CH 3 Br during fumigation inside greenhouses
The levels of occupational exposure (subjects Nos. 1-8: before improvements, Nos. 9 and 10: after improvements) to CH 3 Br during fumigation inside the greenhouse are shown in Table 5 . Since Nos. 7, 8 and 10 were not engaged in ejection of CH 3 Br or opening the greenhouse sheets, occupational exposure levels were not measured. Although the ejection of CH 3 Br was finished within a short time and the levels of exposure to CH 3 Br were low, opening the greenhouse sheets took between 10 and 42 min, and average exposure was 57.2 ppm (25-151 ppm), which far exceeded ACGIH's TLV (1 ppm). As for occupational exposure to CH 3 Br during piping and planting, no subject exceeded 1 ppm. 
Environmental monitoring and occupational exposure after improving fumigation techniques
The results of environmental monitoring and occupational exposures after improvements are shown in Fig. 1 and Table 5 . Although the concentrations of CH 3 Br during environmental monitoring after improvements were similar to those before improvements, the concentration of CH 3 Br decreased to 200 ppm before opening the skylight (3 d later) . Since opening the skylight was performed by remote control outside the greenhouse, the agricultural worker was not directly exposed to CH 3 Br. The concentration of CH 3 Br was 20-30 ppm when opening the greenhouse sheets. Occupational exposure to CH 3 Br after improvements was below 1 ppm. Since the working conditions in soil fumigation were same before and after improvements and subjects Nos. 1 and 9 were the same person, these findings suggest that these improvements could prevent exposures to high concentration of CH 3 Br during fumigation inside the greenhouse.
Discussion
The findings of this study suggested that many agricultural workers used a large amount of CH 3 Br during soil fumigation within a short time without adequate personal protective equipment. Although many agricultural workers have adopted fumigation inside the greenhouse, the amount of CH 3 Br per 10 a was similar with the two methods of fumigation. In fumigation with mulch, the agricultural workers puncture cans containing 500 g CH 3 Br by using clips, and remove both mulch and cans, which takes longer than fumigation inside the greenhouse. Guillemin et al. 3) reported that occupational exposure to CH 3 Br was 8.5 ppm during fumigation and 20.4 ppm during removal of sheeting. As the authors did not do environmental monitoring and determine occupational exposure to CH 3 Br in fumigation with mulch, respondents in this study might be exposed to a lot of CH 3 Br during fumigation and the removal of sheeting. Therefore, the rates of subjective symptoms relating to acute exposures to CH 3 Br and using personal protective equipment such as gas masks and gloves are higher in fumigation with mulch than in fumigation inside the greenhouse.
Although it is not clear why the rates of subjective symptoms relating to acute exposure to CH 3 Br in the group with gas masks were higher than in the group without gas masks, the reliability of gas masks used by many agricultural workers is uncertain because no Japanese Industrial Standard certification is required for the gas masks. It is possible that the agricultural workers might do hazardous jobs with a sense of security by wearing gas masks. Since soil fumigation was performed only a few times per year, the gas masks may not be properly maintained and may be broken through. Agricultural workers are not covered by Japanese Occupational Safety and Health Acts and there are no mandatory programs on occupational safety and health for them. Material Safety Data Sheets (MSDS) are not attached to CH 3 Br containers. Although many agricultural workers understand that CH 3 Br is a toxic and hazardous chemical, they are not advised on precautions for handling hazardous chemicals and the proper use of protective equipment, and have no training in safety practices. These serious matters are important issues in occupational safety and health for agricultural workers in Japan.
The findings of logistic regression analysis suggest that subjective symptoms related to acute exposures to CH 3 Br are associated with occupational factors, but chronic subjective symptoms such as forgetfulness and ringing in the ears are associated with aging in the respondents. Although several studies [19] [20] [21] discussed chronic health effects and low-level exposure to CH 3 Br, the findings of the present study did not confirm a positive relationship. The relationship of chronic health effects to low-level exposure to CH 3 Br should be examined by changing the study designs.
The concentrations of CH 3 Br inside the greenhouse are extremely high from the ejection of CH 3 Br to opening the greenhouse entrance and exit sheets, and the agricultural workers remain away from the greenhouse for half a day before they enter for piping and planting. Although occupational exposure levels to CH 3 Br were low during the ejection of CH 3 Br, piping and planting, the agricultural workers were overexposed when opening the greenhouse sheets. As the occupational exposure value is the average concentration during the sampling time, the concentration at the moment of opening sheets must have exceeded the measured concentration. In subject No. 3, the concentration at the moment of opening the sheets might have exceeded the concentration presenting immediately dangerous to life or health (IDLH, 250 ppm), which is proposed by U.S. NIOSH 22) . Hustinx et al. 16) reported a measured concentration of CH 3 Br of 200 ppm five hours after a poisoning accident in nine subjects. Agricultural workers might therefore be exposed to high concentrations of CH 3 Br when opening the greenhouse sheets, and this may cause serious or even fatal poisoning.
As the residual CH 3 Br in the greenhouse is released into the atmosphere by opening the skylight, the agricultural worker is not exposed to high concentrations of CH 3 Br. The concentrations of CH 3 Br in environmental monitoring until opening the skylight after improvements were lower than before improvements. The reason is presumed to be the leakage of CH 3 Br from the structural chink between the installed skylight and the roof of the greenhouse. The agricultural workers could avoid exposure to high concentrations of CH 3 Br by recognizing the risks in soil fumigation and releasing the residual CH 3 Br by opening the greenhouse sheets. De Vreede et al. 6) reported that occupational exposure during removal of plastic and cans in fumigation with mulch could be decreased to low levels (0.15 mg/m 3 ) by lengthening the duration of fumigation (33 d), which suggests that prolonging the duration of fumigation could reduce occupational exposure to CH 3 Br.
Although the occupational exposure in piping and planting was under the ACGIH's TLV (1 ppm) 23) , the concentrations in environmental monitoring with Brüel & Kjaer Multi-gas Monitor were 10-20 ppm. As this environmental monitoring system also detects methyl groups (-CH 3 ), some chemicals with a methyl group might be released from the ground by chemical reactions with microbes. Although the agricultural workers might be exposed to CH 3 Br through the skin by touching fumigated soil, the exposure levels caused by skin contact were not estimated in the present study.
Soil fumigation in Japan has occupational safety and health issues related to the large amount of CH 3 Br used, the short duration of fumigation, the lack of proper precautions for handling toxic chemicals and proper use of protective equipment, the lack of training in safety practices, and so on, resulting in agricultural workers being at risk to acute exposure to CH 3 Br. Although agricultural workers could avoid exposure to high concentrations of CH 3 Br by improving techniques in soil fumigation, the issues related to environmental health still remain as far as releasing CH 3 Br into the atmosphere is concerned. Less toxic and alternative chemicals should be provided for soil fumigation, and alternative methods of soil fumigation with small amounts of CH 3 Br should be developed.
